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wind direction, presumably in an
attempt to recontact the odor plume.
This behavior is similar to that of
fruit flies demonstrated in the new
paradigm by Duistermars and Frye
[2]. Flying flies were tethered so that
they could rotate around their
dorso-ventral (yaw) axis and smell
vinegar, an attractive odor, presented
in a fine plume from either of two
nozzles separated by 180 in the yaw
plane and exhausted below the fly.
The surrounding arena had three
possible visual patterns: high contrast
vertical stripes, a single vertical stripe
subtending 30, or a uniform
intermediate grey of equal luminance.
Flies attempted to keep their heading
aimed at the vinegar nozzle by flying
straight with reduced angular velocity.
But when the odor hit rate became
low — when either odor flow was
turned off or the flies accidentally
turned their heading out of the odor
plume — flies made a series of high
angular velocity turns, known as body
saccades, until they recontacted the
odor plume whereupon they again
exhibited reduced angular velocity
deviations from the upwind direction.
If the surrounding arena is devoid of
high contrast visual cues, flies produce
body saccades at a high frequency,
as though they have lost contact with
the odor plume whether they are in
fact headed into the plume or not.
A similar situation occurs when the
surrounding arena has only a single
stripe, which is a salient orientation cue
in the absence of odor. Only when the
surrounding arena visually stimulates
wide-field motion detectors with many
contrast edges is the fly able to remain
headed into the plume. Moths also
orient poorly in wind tunnels with
depauperate visual cues, though even
a 30 wide longitudinal array of small
high contrast dots each subtending
about 15 provided enough visual
information for nocturnally active
moths to properly maintain a heading
into the plume [13]. The efficacy of the
small field visual pattern varied
depending upon what part of the
moth’s visual field viewed it.
Furthermore, attempts to disrupt
upwind flight along a sex pheromone
plume in a day-flying moth by
obscuring all possible visual cues was
unsuccessful (L.P.S.K., unpublished
data). Whether these differences
represent species differences or the
fact that Duistermars and Frye’s [2]
single stripe had only two contrast
edges, or are due to tethering versus
free-flight, awaits further
experimentation.
A free flying insect can control only
its course and thrust [14] and studies
of free-flying flies [15,16], moths [17],
and beetles [18] have demonstrated
that visual cues during flight in an
odor plume provide much more than
information for angular precision. The
velocity of experimentally moved
visual patterns on the floor of wind
tunnels determines the upwind flight
velocity independent of the actual
wind speed. Casting moths also
increase their ground speed
concomitant with increased time since
last odor contact [19]. Visual patterns
are also used by other flying insects
[20] to regulate flight speed and
height above ground in the absence
of odor plumes. Thus, such an
optomotor control mechanism may
be evolutionarily older and has been
co-opted to provide multimodal
information for animals attempting
to contact odor sources.
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R297mRNA Export: RNP Remodeling by
DEAD-Box Proteins
The DEAD-box protein Dbp5 was thought to remodel ribonucleoproteins and
displace proteins from these complexes in an ATP-dependent fashion to allow
for mRNA export from the nucleus. A recent study on Dbp5 shows, however,
that its ADP-bound form may also perform an important function in displacing
export factors from mRNA.Patrick Linder
A major difference between prokaryotic
and eukaryotic cells is the presenceof a nucleus (karion in Greek means
nut or kernel) in the eukaryotes. This
compartmentalization leads to
a physical separation of transcription
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R298and mRNA maturation in the nucleus
from translation and degradation of
mRNA in the cytoplasm. This
separation of mRNA regulatory
events into nuclear and cytoplasmic
compartments allows for a certain
quality control but also requires
a sophisticated export–import
machinery [1]. The DEAD-box protein
Dbp5 has been shown to be required
for mRNA export from the nucleus
and it has been hypothesized that the
ATP-dependent activity of this protein
promotes the active and directional
export. A recent report by Tran et al.
[2] suggests, however, that the
ADP-bound form of Dbp5 is also
involved in displacement of export
factors from mRNA.
Nascent pre-mRNA is associated
with a multitude of different proteins to
form highly dynamic ribonucleoprotein
(RNP) complexes. Amongst these
proteins are several RNA helicases of
the DEAD-box family. Members of this
large protein family are characterized
by the presence of nine conserved
amino-acid motifs that are involved in
substrate binding and ATP hydrolysis
[3,4]. Many of these proteins have been
shown in vitro to unwind short duplex
RNAs or remove RNA-bound proteins
in an ATP-dependent fashion. These
helicases are involved in a range of
processes, such as transcription,
pre-mRNA splicing, ribosome
biogenesis, nuclear export, translation
initiation, and RNA degradation.
Recent data suggest that some of
these proteins are involved at several
points during the life of an RNA and
may therefore have some function in
coordination of these physically
separated processes.
In recent years, the DEAD-box
protein Dbp5 has been shown to be
required for export of mRNA to the
cytoplasm. The yeast Dbp5 protein
belongs to a subfamily of proteins,
including the Drosophila DBP80
protein, the plant Los4 protein, and
the human Ddx19 and Ddx25/GRTH
proteins. Early analyses of dbp5
mutants (also referred to as rat8
mutants) have clearly shown an
accumulation of poly(A)-mRNA in the
nucleus under non-permissive
conditions [5,6]. These studies have
also shown an association of the
Dbp5/Rat8 protein with the
cytoplasmic side of the nuclear pore
complex. Elegant genetic studies
revealed that this interaction is
mediated by Nup159, an FGrepeat-containing nucleoporin protein,
because a temperature-induced
destabilization of Nup159 induced
a diffuse cytoplasmic localization of
Dbp5 [7,8].
Although early studies indicated that
the Dbp5 proteins were found in the
cytoplasm, suggesting a role in late
steps of mRNA export, microscopy
studies with the dipteran Chironomus
tentans [9] and genetic studies in yeast
[10] demonstrated that the Dbp5
protein is assembled with the nascent
transcript and interacts genetically and
physically with the transcriptional
machinery. Thus, like other DEAD-box
proteins, such as eIF4AIII in the
exon-junction complex [11], the
splicing factor Sub2/UAP56 [12], and
the multifunctional Ded1/Ddx3 protein
[13,14], Dbp5 proteins associate at
different stages with the mRNA within
the nucleus and play important
functions in mRNA biogenesis from
transcription to export.
In the process of mRNA export from
the nucleus, RNA helicases of the
DEAD-box protein family seem to
function as remodellers of RNPs
rather than as bona fide helicases,
although the two activities are not
mutually exclusive. Firstly, the splicing
factor Sub2/UAP56 has been shown
to be required for export of mRNA
[12]: the export deficiency that results
from the loss of Sub2 is not due to the
retention of unspliced pre-mRNA, as
an intron-less mRNA is also retained
within the nucleus. It has been
suggested that Sub2 recruits Yra1,
a transcription-coupled mRNA export
factor, to the pre-mRNA and that
Sub2 may be replaced later by the
mRNA nuclear export receptor
Mex67/Mtr2. Secondly, Lund and
Guthrie [15] have shown that Dbp5 is
required for the displacement of
Mex67 from exported mRNA on the
cytoplasmic side of the nuclear pore
complex. In this study, the cold-
sensitive growth defect of rat8-7
(dbp5) could be suppressed
by a mex67 mutation. Consistent with
a scenario in which the requirement
for Dbp5 is reduced when Mex67
binding is weakened, a Mex67–GFP
fusion protein was more efficiently
crosslinked to mRNA–RNPs (mRNPs)
in a dbp5 mutant compared with the
wild-type strain. Although Dbp5
seems to be involved in Mex67
removal, a more direct or biochemical
assay has not yet been developed to
test this proposal.Dbp5 has very low intrinsic
RNA-dependent ATPase activity and
ATP-dependent RNA unwinding
activity in vitro [5], which was attributed
to the absence of cellular cofactors.
This idea was further supported by the
innovative work of the laboratories of
Weis [16] and Wente [17], who both
showed that binding of the nuclear
pore protein Gle1 to Dbp5 enhances
the RNA-binding and ATPase activities
of Dbp5 in the presence of inositol
hexakisphosphate (InsP6). These
studies provided potential insights
into the long sought-after control
mechanism of DEAD-box helicases
that prevents promiscuous unwinding
or remodeling of RNA in the cell. The
Gle1-mediated activation provides an
obvious control mechanism that ‘turns
on’ the Dbp5 ATPase activity only when
and where it is needed, that is, at the
cytoplasmic side of the nuclear pore
after mRNP translocation. This
‘RNPase’ activity of Dbp5 would
displace targeting and transport
factors, such as Mex67, and at the
same time prevent the mRNA from
slipping back into the nucleus.
The recent paper by Tran et al. [2]
now turns this story on its head. These
authors show that Dbp5 is required for
the displacement of Nab2, which is
a protein that has RNA-binding activity
and is associated with the export
machinery, shuttling between the
nucleus and the cytoplasm. A nab2
mutation suppresses a rat8-2 (dbp5)
growth defect, indicating a functional
link between these proteins.
Surprisingly, however, it is the
ADP-bound form of Dbp5 that is
functionally relevant and required for
displacing Nab2. This ADP-dependent
remodeling activity of Dbp5 seems
counterintuitive, but the authors show
that it is indeed the ADP-bound form
of Dbp5, and not ATP hydrolysis per se,
that dramatically reduces the affinity
of Nab2 for RNA in vitro.
The story is still incomplete,
however. Although ADP-bound Dbp5
displaces Nab2, this finding does not
take into consideration the intrinsic
RNA-binding affinity of Dbp5, which
is greatly enhanced in the presence
of ATP. Interestingly, competition
studies show that, in the absence of
cofactors such as Gle1, Dbp5 binds
ADP significantly more tightly than
ATP. In these conditions, the
Michaelis–Menten binding constant
(Km) for ATP is only 2.6 mM as opposed
to the 100–300 mM range typically seen
Social Evolution: Ant Eggs Lacking
Totipotency
Caste plasticity is a hallmark of social insects. However, maternal effects that
limit the caste of eggs may be more widespread than previously appreciated,
and can have some odd consequences.
Joan E. Strassmann
and David C. Queller
What differentiates eusocial organisms
from merely social organisms is the loss
of direct reproduction. In eusocial
Hymenoptera (ants, bees, and wasps)
most females lose or never acquire
reproductive status and instead rear the
queen’s progeny. However, totipotency
of caste is sometimes retained until
adulthood. This is common in many
wasps, including Polistes, where adult
females often retain the ability to
become either workers or egg-laying
queens [1,2]. In these cases there are
no morphological differences between
workersandqueens. As a consequence,
an individual is not specialized for
worker or queen functions.
In other species, workers develop
towards optimal working physiques
and queens develop towards optimal
reproductive physiques. For example,
a stingless bee worker forages for
pollen which she carries nestled in the
long spines evolved for this use. A
queen has no such carrier and will
never serve as an effective worker.
Even within the worker caste, size and
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R299for other DEAD-box proteins in vitro
[2,3,16]. It is only in the presence of
RNA, Gle1 and InsP6 that Dbp5 shows
an impressive Km of 60mM for ATP. This
implies that the primary effect of the
Gle1–InsP6 interaction is to specifically
increase the affinity of Dbp5 for ATP.
Moreover, the ADP-bound form of
Dbp5 only enhances the off-rate of
Nab2 from mRNA by a relatively small
amount (w70%). ADP-bound Dbp5
could preferentially bind the RNA-free
form of Nab2, but no direct interactions
between Nab2 and Dbp5 could be
detected through pull-down
experiments [2].
The work by Tran et al. [2] draws
attention to the importance of the
ADP-bound form of the DEAD-box
proteins. In the case of eIF4AIII, it has
been shown that inhibition of its
ATPase activity by the binding of
MAGOH and Y14 locks the core
of the exon-junction complex onto
the precursor mRNA [11]. Indeed,
the authors postulated that the
exon-junction complex is
assembled on the RNA through the
ATP-dependent binding of eIF4AIII.
Similarly, Dbp5 in its ATP-bound form
could help to serve as a nucleation site
for the assembly of the mRNP proteins.
The low intrinsic ATPase activity of
Dbp5 could promote the stability of the
complexes or an inhibitor, like for
eIF4AIII, could block its ATPase
activity. The mRNP would be
transported to the nuclear pore where
binding of Dbp5 to the nucleoporin
Nup159 would bring Dbp5 into close
proximity with Gle1 on the cytoplasmic
side of the nuclear pore complex.
Gle1-mediated hydrolysis of ATP to
ADP would reduce the affinity of Dbp5
for the mRNA, and its subsequent
displacement could destabilize the
other bound factors as well, including
Nab2 and Mex67. These factors
would be rapidly transported back
into the nucleus and thereby prevent
reassembly and backward movement
of the mRNP. The Gle1-bound Dbp5
could then cycle between RNA-bound
and RNA-free form in a manner
dependent on ATP binding and
hydrolysis and thereby remodel the
mRNP. In addition, ADP-bound Dbp5
could prevent Nab2 from binding RNA
or could stabilize the RNA-free form of
Nab2. But how ADP-bound Dbp5 acts
on the interaction of Nab2 with mRNPs
and how Dbp5 is transferred to the
translation termination event [18] are
still outstanding issues.References
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